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. Vibrational Frequency Analysis
Phonon dispersion spectra were calculated using the PHONOPY code with 4 X 4 X 1 supercell. It provides the information for the dynamical stability of geometry optimized structures based on density functional perturbation theory.
There is the phonon dispersion spectrum of geometry optimized using PBE-D3 in Figure   2 S1a. It indicates that there is no imaginary frequency in the high symmetry k-path. However, all models of have some imaginary frequencies. These tendencies are also found in α-2 ( ) 2 have the imaginary frequencies in high symmetry k-path. So, α-Mo 2 C is regarded as being ( ) 2 structurally unstable. This would indicate that all the models in this paper are β-Mo 2 C, but it has same tendency with α-Mo 2 C. Although Mo 2 C have some dynamical instability, the model 3 ( ) 2 of Mo 2 C , which is the most stable model, was selected in order to calculate the interaction of ( ) 2 adsorption. Because model 3 has only small imaginary frequencies around the Γ and M point as 2 well as the lowest energy when comparing mode 1 and 2. 
